to carbohydrate metabolism, any increase in carbohydrate intake will also raise the need for thiamine to metabolize it, and may constitute an immediate precipitating factor for Wernicke's encephalopathy (WE) is a neuropsychiatric condition generally caused by acute thiamine deficiency some syndromes such as WE. First described by Carl Wernicke, in 1881, 7 WE is an acute neuropsychiatric condition and classically involves the triad of altered mentation, ataxia and ophthalmoplegia. It is most common among caused by thiamine deficiency. It classically involves the triad of ataxia, ophthalmoplegia and altered mental state.
9,10
geneic bone marrow transplantation; thiamine deficiency
Patients and methods
BMT is the treatment of choice for a wide variety of hema-A total of 96 allogeneic BMT were undertaken from Janutological, non-hematological, genetic and immune disary 1988 to May 1990. Autopsy materials from the fatal eases.
1 However, aside from the prolonged neutropenia and cases were studied, and eight cases with WE-like neurorisk of opportunistic infection, 2,3 conditioning may cause pathological abnormalities were diagnosed. There were five several side-effects including nausea, vomiting, mucositis females and three males with ages ranging from 14 to 37 and diarrhea, 4 leading to a reduced caloric intake and malyears (median 25 years). Diagnoses were AML in four, absorption. These complications necessitate TPN regimens CML in two and ALL in two patients. Medical records and their attendant complications. Thiamine, also known as were reviewed for conditioning regimen, clinical course vitamin B1, is a water soluble vitamin, formed by a pyrimand neuropathological features. idine and a thiazole ring linked through a methylene group.
5
In the tissues, thiamine is phosphorylated to its most active BMT procedures coenzyme form, thiamine pyrophosphate (TPP), and to the thiamine triphosphate form (TTP).
5 TPP and TTP play a For the patients with AML and CML, BMT conditioning central role in brain metabolism, acting as coenzymes for was busulfan 16 mg/kg orally and cyclophosphamide transkelotation, a reaction in the pentose-phosphate path-120 mg/kg i.v., while cyclophosphamide 120 mg/kg plus way, and for the oxidative carboxilations catalyzed by 12 Gy total body irradiation were used for ALL conditionpyruvate dehydrogenase, ␣-ketoglutarate dehydrogenase ing. All patients had a central veinous catheter placed, and branched-chain ␣-ketoacid dehydrogenase comthrough which blood products and medications were plexes.
5,6 Thus, as a consequence of its close relationship administered. venous 50% glucose solution and supplemental lipids (400 ml) twice a week, totalling 1000 to 2500 calories/day along with aminoacids. Vitamin K was given once a week (10 mg i.v.). A vitamin supplement, containing vitamins A, C, D, E, B1, B2, B6 and B12, was given daily. It was understood that patients were receiving 50 mg per day of thiamine. However, for an unknown period of time, the vitamin compound used in the TPN regimens lacked thiamine although no notification from the pharmaceutical company was given regarding its withdrawal.
Total parenteral nutrition

Neuropathological assays
Autopsy examinations were performed in all patients and their brains were removed and fixed for 3 weeks in 30% buffered formalin. They were macroscopically assessed through 1 centimeter thick coronal sections and tissues samples from a minimum of 12 different areas (frontal, temporal, occipital and parietal lobes, insula, thalamus, hypothalamus, mammilary bodies, mesencephalon, pons, Areas in the CNS, other than those mentioned above containing any macroscopic lesions were also sampled for further microscopic analysis. Tissue samples were then prethe symptoms of metabolic acidosis, was the appearance pared by the conventional neuropathological techniques of a 'raspberry tongue'. The most important neurological including hematoxylin-eosin, Luxol fast blue/Nissl for findings included coma in six, confusion in five, papillmyelin, silver impregnation for axons, and techniques for edema in four, nystagmus in three, and blindness in two micro-organisms, such as periodic acid of Schiff, Ziehlpatients. Time of death after detection of metabolic acidosis Nielsen and Grocott's silver impregnation for fungi. The varied from 1 to 9 days. rest of the autopsy was done according to the usual The brains weighed from 1050 to 1600 grams. Several methods.
11 macroscopic neuropathological features (Figures 1-4) , such as the periventricular and periaqueductal petechial hemorrhages, were characteristic of WE. Distribution of Results sites affected by WE are shown in Table 2 . Extensive periventricular foci of hemorrhage in the gray Clinical findings of the eight patients are summarized in matter, particularly the medulla oblongata, affected all eight Table 1 . Patients experienced nonspecific clinical sympcases, and four cases had additional lesions at the thalamic toms, until physical symptoms of severe metabolic acidosis region. No macroscopic or microscopic lesions in the mamwere detected between days +13 and +37 (median 22). An milary bodies (MBs) were identified. Histological findings odd clinical finding, common to all patients, and preceding were the presence of extravasation of red blood cells into the perivascular spaces, associated with foci of reactive neovascularization. The capillaries regularly showed a swollen endothelium with areas of fibrinoid necrosis of the vascular wall. All cases had discrete neuronal loss and gliosis in the hemorrhagic sites, as well as an astrocytic reaction. The rest of the autopsy was nonspecific.
Discussion
Neurological complications are fairly common in patients undergoing BMT, and are present in 30-39% of cases.
12,13
These complications may be of infectious, cerebrovascular, toxic, immune-mediated or metabolic origin.
14 WE is a metabolic disorder not usually found in patients undergoing patients. 10, 15 When it is present, it is frequently associated with long-term use of TPN.
WE is characterized by the triad of altered mental status, ataxia and ophthalmoplegia, 6-8 but only 16% of patients present with the classic triad of symptoms, 16 since the course is frequently oligosymptomatic. 17 Mental status changes are the most frequent findings in these patients (82%), followed by ocular findings (29%), and ataxia (23%).
6 Several drugs routinely used during BMT are associated with neurological abnormalities; 14 cyclosporin A used alone or in combination with other agents, such as methylprednisolone 18 and ganciclovir, 19 may be responsible for neurological findings, including disorientation, altered mental status, visual disturbance and coma.
Patients on long-term TPN and glucose-containing intravenous solution require larger amounts of thiamine to metabolize their carbohydrate intake, which may rapidly lead to a depletion in thiamine stores: 25-30 mg in healthy individuals. Studies show that a state of depletion can develop within 18-20 days in patients receiving a strict thiaminefree diet. 20 In our patients manifestations of thiamine deficiency were noticed from days +13 to +37; insufficient replacement of thiamine, which happens when less than 100 mg/day are given to these patients, 21 may have caused WE.
Because over a 30 month period, when 96 allogeneic BMTs were undertaken and only these eight cases equate replacement of thiamine happened in an intermittent manner. Patients who did not receive the appropriate vitamin supplements with their TPN were randomly selected, bellum. 23 The medial nuclei MBs, are the structures most 1013-1015.
frequently affected, followed by the thalamus. 16, 24, 25 Histo-
